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The results of the research at the microscopic level, after the effect of general hypothermia with a duration of
exposure of 10 days, an increase in the size of cardiomyocytes, the interstitial space was found, which indicated the
activation of adaptive processes of the microcirculatory bed and the energy supply apparatus of cells that occur in
cardiomyocytes under the effect of general hypothermia with an early duration of action; with a term of action of
30 days — marked defibrillation of muscle fibers in the myocardium of the heart of the ventricles and the interven-
tricular membrane of rats. The effect of local hypothermia using a cardioplegic solution for cooling the heart allows
you to preserve the typical structure of the myocardium, while protecting the structural organization. Dry cooling
of the heart causes destructive changes in the myocardium with the development of degenerative and destructive
processes in the myocardium of the heart, in places muscle fiber breaks, myofibrils defibration, their destruction and
an increase in intercellular spaces, which indicates the depressing effect and irreversible damage of this method of

local hypothermia (dry cold) on the myocardium of the ventricles and interventricular membrane.
Key words: heart, myocardium, thyroid gland, hypothyroidism, microwave electromagnetic radiation.

Connection of the publication with planned
research works. The research was carried out within
the framework of the scientific topic of the department
of human anatomy, clinical anatomy and operative
surgery «Morphofunctional state of organs and tissues
of experimental animals and humans in ontogenesis in
normal and under the influence of external and internal
factors», Ne state registration 0117U003181.

Introduction. According to the literature, the effects
of some chemicals and hypothermia, in general, have
been experimentally determined. Still, the effects of
local and general hypothermia on the morphogenesis of
the heart, especially under conditions of cooling, remain
unexplored [1]. As for the influence of hypothermia, such
an important question arises as the concepts of local and
general cooling significantly impact the heart’s morpho-
genesis. Direct observation of the effect of hypothermia
on the structures of the heart in humans is impossible;
therefore, with the help of induced experimental mod-
els, it becomes possible to analyze the morphological
changes of the heart after exposure to cooling [2]. Dur-
ing the research, the role of modeling the pathological
state, identifying the terms, causes, and mechanism of
the formation of disturbances in the morphogenesis of
the heart, its wall, and structural elements or compo-
nents is increasing, which makes it possible to develop

a model of hypothermia and will help to determine the
corrective measures of cooling action. In the available lit-
erature, we could not find comprehensive studies using
electrophysiological, general histological methods, im-
munohistochemistry, and electron microscopy of the
myocardium in the pathology mentioned above [3, 4].
This substantiates the relevance of this research and
the expediency of conducting it. According to the litera-
ture, hypothermia is when the internal body tempera-
ture drops below 35 degrees Celsius. Moderate thera-
peutic hypothermia procedures are used in post-cardiac
arrest treatment, while surgical procedures often use
lower core temperatures to provide cerebral protection
[5]. An involuntary decrease in internal body tempera-
ture occurs with accidental hypothermia, and ventricular
arrhythmias are considered the main cause of high mor-
tality in these patients. Hypothermia is a relatively com-
mon clinical condition that is associated with significant
morbidity and mortality, especially if it is not recognized
and treated in time. This condition, associated with ex-
treme changes in the body’s internal temperature, can
be accompanied by a violation of cardiac function, often
with the apparent difference in the electrocardiogram
[6, 7]. Many researchers are engaged in studying the
morphology of organs under therapeutic effects, but
the morphological modifications of these organs under
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Table — Distribution of material of control and experimental groups

group of rats. A ball-shaped heart

The name of the General General Cardioplegic | Inth shape appeared in the experimental
experimental | Control | hypothermia hypothermia aerIIl(J)hpoenglc drn E:o?d groups (fig. 2). In our study of the rat
groups 10 days 30 days Y heart, we determined macro-level
Group 1 Group 2 Group 3 Group4 |Groups changes in weight and mass metr.lc
— > > > > " parameters of rat hearts and rats, in

Total objects: 27 27 27 27 27 neral, to calculate th rcent
100 (100%) 25,0% 25,0% 25,0% 25,0% 25,0% ge .e al, to caicu a. € the perce .age
ratio of heart weight to rat weight

the influence of non-lethal hypothermia remain unde-
scribed. In this connection, the study of the effect of
hypothermia is an urgent issue, both for theoretical and
practical medicine.

The purpose of the study. To determine the morpho-
logical features of the heart wall after exposure to gen-
eral and local hypothermia.

Object and methods of research. The object of the
study was the hearts of laboratory sexually mature rats
weighing 180-220 g, aged 6-8 months. 135 animals were
involved in the study. Experimental animals were divided
into 5 groups of 27 objects, which was 25.0% (table).

The animals were to be cooled in a refrigerating
chamber for 3 hours daily for ten and thirty days, at a
temperature of -10°C. After withdrawal from the ex-
periment, a histological and morphometric study of rat
hearts was performed (fig. 1).

Research results and their discussion. To establish
the shape of the heart and trace dynamic changes at the
organ level, we calculated an index showing the ratio of
the width of the heart to its length (F). In 80% of cases,
the shape of the heart of rats in the control group was
cone-shaped; the index (F) was on average 55%, only in
20% it was elliptical, the index was more than 65%. We
did not observe other forms of the heart in the control

Figure 1 — Hearts of rats in the control group (A) and after exposure
to general hypothermia in the early (B) and late (C) periods.

elliptica conial
20%

spherical _>\ .
conigal 0%
80%

Figure 2 — Distribution of rats according to the shape
of the heart of the control group and after hypothermia.

Index (J)

Figure 3 —J index (heart weight/rat weight).

index — J index after exposure to gen-
eral hypothermia in the early — 10 day and late — 30 day
periods — compared to the control group. The highest
index of the ratio of the weight of the heart to the weight
of the rats was noted in rats with general hypothermia.
After exposure to general hypothermia in the early stag-
es — the 10th day, the index of the ratio of the weight
of the heart to the weight of the rat was equal to 0.56.
After exposure to general hypothermia in the late period
on the 30th day, these indicators changed more clearly
in comparison with the control group, where the index
was equal to 0.32, and in comparison with the group of
general hypothermia, but in the early period. The index
of the ratio of heart mass to rat weight on the 30th day
was 0.75 (fig. 3).

After exposure to general hypothermia in the experi-
mental group, histological sections in the myocardium
showed the formation of cavities of an irregular oval and
spherical shape with a diameter equal to 1-2 to 5-6 di-
ameters of cardiomyocytes, swelling of cardiomyocytes,
interstitial space, as well as hyperemia of blood vessels
and swelling of their endothelium (fig. 4).

In our study of rat hearts, we measured the thick-
ness of the cardiac wall in different parts of the heart: in
the left ventricle, the thickness of the anterior wall, the
lateral wall, and the posterior wall at three levels. The
right ventricle has the thickness of the front and the back
walls and three sizes of the interventricular membrane.
At all levels of the cross-section of both the right and left
ventricles, the highest values after exposure to general
hypothermia in the early and late periods were noted in
the middle third of the heart (zone “B”). Indicators in the
middle third of the left ventricle were on average 31%
more than the indicators in the area of the base of the
heart, and 56% more than in the lower third. In the right
ventricle, these indicators were equal in the base area by
22%, and in the lower third area by 2% (fig. 5).

The thickness of the front wall of the left ventricle on
the 10th day from the beginning of the experiment was
3.154£0.11 mm, the side wall 3.1+0.11 mm, the back wall
2.45+0.04 mm, the interventricular membrane 2.95+0
.09 mm. On the 30th day from the beginning of the ex-
periment, the thickness of the front wall of the left ven-
tricle was equal to 3.21+0.11 mm, the side wall 2.65+0.06
mm, the back wall 3.27+0.09 mm, the interventricular
membrane 3.14+0, 13 mm (fig. 6). In the right ventricle,
on the 10th day of the general hypothermia experiment,
the thickness of the front wall was 1.04+0.03 mm, the
back wall was 1.36+0.04mm, on the 30th day, the thick-
ness of the front wall was 1.09+0.04mm, of the back wall
1.38+0.03 mm (fig. 7).

Our studies of the myocardium of the heart wall of
rats using electron microscopy showed that this method
allows us to evaluate the processes of heart remodel-
ing after hypothermia and confirm the completeness of
the structure of the studied objects. When studying the
structures of the myocardium obtained after hypother-
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mia for 10 days, it was observed that the mitochondrial
apparatus of contractile cardiomyocytes of the left ven-
tricle did not reveal significant differences between this
experimental group and animals of the control group.

The presence of polymorphic mitochondria charac-
terized the subsarcolemmal zone of cardiomyocytes.
Among them were large-volume organelles with an elon-
gated or spherical shape, an ordered orientation of the
cristae, and a moderately dense matrix. The organelles
were determined to be smaller in volume, by develop-
ing the outer and inner mitochondrial membranes and
the number of weakly oriented cristae. There were also
small-sized mitochondria, the number, and the cristae
density, which significantly exceeded similar indicators
of other types of mitochondria. The para nuclear zone
of contractile myocytes was represented mainly by mi-
tochondria with ultrastructural signs of moderate func-
tional activity: small-sized spherical organelles with a
lighted matrix and a small number of low-density, poorly
oriented cristae.

Many neighboring mitochondria were in contact with
each other via intramitochondrial connections. Some-
times the outer mitochondrial membrane in the area
where the two organelles fit was completely absent. In
this place, an intramitochondrial bridge connected the
matrix of both mitochondria. Such bridges were located
at the level of Z-lines of myofibrils. The study of mito-
chondria near the nucleus showed that the irregularly
organized organelles formed more contacts than the or-
derly located mitochondria of the intermyofibrillar zone
(fig. 8-A). No damage was observed in the structure of
the outer mitochondrial membrane. Mitochondria dom-
inated the spaces between myofibrils with signs of struc-
tural and functional overload. Along with this, numer-
ous newly formed micro mitochondria were observed
in large numbers. Small-sized mitochondria represented
organelles of para nuclear localization with a light matrix
and disordered cristae. Among the changed organelles,
there were mitochondria with signs of overvoltage:
areas of uneven illumination of the matrix, with phe-
nomena of cristae destruction. An insignificant number
of intramitochondrial contacts was detected between
such mitochondria. In the subsarcolemmal zone, the
organelles had a spherical or elongated shape, a trans-
parent matrix; among them were significantly swollen
mitochondria, organelles with destroyed cristae, and
areas of sharp lightening of the matrix. There were few
intramitochondrial contacts. Mitochondria located be-
tween myofibrils were large, with moderately developed
cristae and a transparent matrix. Among such organelles,
organelles with elements of crystallization and zones of
sharp lightening of the matrix predominated (fig. 8-B).
Mitochondria of gigantic size were sometimes found due
to sharp swelling of the matrix. Newly formed micro mi-
tochondria against the background of destructive and
degenerative processes were found in small numbers in
the form of small spherical formations with single cris-
tae, mainly near the nucleus (fig. 9).

To study the myocardium of rats on the 30th day
of the experiment, we used LC3B immunohistochemi-
cal markers. The accumulation of this marker in the
myocardium increased on the 30th day of the experi-
ment, which indicated active autophagy processes
(fig. 10-A, B).

Figure 4 — Myocardium of a rat of the control group (A) and after
general hypothermia (B, C). Hematoxylin — eosin staining.

Figure 5 — The heart of a rat with the specified measurement lines
(A — the base of the heart, B — the middle third of the heart, C — the
lower third of the heart) — A, B.

And also the marker of endothelial dysfunction e
NOS, the accumulation of which also increased up to the
30th day of the experiment (fig. 11-A, B). After hypother-
mia, we observed a decrease in the amplitude and an
increase in the duration of the complex, which indicated
hypoxic damage to the myocardium. We also marked
the appearance of a J wave (the Osborne wave), which
appears during hypothermia. We also recorded action
potentials, an ECG on an open heart. We measured the
amplitude and duration of the complex (fig. 12, 13).

Figure 6 — Left ventricular wall thickness at different cross-sectional
levels in (mm) in rats of the control and experimental groups
(X£SD, n=27).

L6 frontwall — back wall

| n 1

Figure 7 — The thickness of the heart’s right ventricle wall at
different levels of the transverse section in the control and
experimental groups (in mm) (XxSD, n=27).
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Figure 8 — Hemomicrocirculatory channel of the rat myocardium
under conditions of general hypothermia. Electron micrograph.
Magn.: x3,000. Designation: A — 1- perivascular edema is visualized,
2 — multiple extracellular vesicles in the microcapillary lumen,

3 - swelling of the mitochondrial cristae apparatus; B — 1 — capillary,
2 —sludge syndrome of erythrocytes, 3 — endotheliocyte,

4 — myocardial stroma components.

Figure 9 — Hemomicrocirculatory course of the rat myocardium
under conditions of general hypothermia. Electron micrograph.
Magn.: x3,000. Designation: 1 — capillary, 2 — moderate perivascular
edema, 3 - endotheliocyte, 4 — cardiomyocyte.

Jieis 4 »: R
BRI 3‘}$ : . L&
Figure 10 — Rat myocardium on the 30th day of the LC3B

experiment. An arrow indicates areas of accumulation.
Hematoxylin — eosin staining. Magn.: ob. 40. approx. 4.

N A

Figure 11 — Rat myocardium on the 30th day of the e NOS
experiment. An arrow indicates areas of accumulation.
Hematoxylin — eosin staining. Magn.: ob. 40. approx. 4.

400

Figure 12 — Removal of the action potential from the heart with
two-needle electrodes directly into the heart: A -1 at the top,
2 - at the base; B — ECG on an open heart is normal.

2

Figure 13 — ECG 10 — and (A) and 30 — and (B) days of general
hypothermia.

Figure 14 - Effect of local hypothermia (places with muscle fiber
tears are indicated by arrows). Staining haematoxylin-eosin. Magn.:
A, B-okh10; obh100. Designation: 1 — cardiomyocytes,

2 — intermuscular space.

When studying the effect of local hypothermia on
histological sections of the myocardium of rats whose
hearts were in a cardioplegic solution, the ventricular
myocardium was represented by three layers of muscle
fibers. The structure of cardiomyocytes and blood ves-
sels did not differ from the control group. Cardiomyo-
cytes are of the correct shape, and the spaces between
cardiomyocytes are not enlarged.

Myocardium was damaged on histological sections of
rats whose hearts were exposed to dry cold. There was
muscle defibrillation, significant gaps between them,
irregularly shaped cardiomyocytes, and deformed ele-
ments formed in the lumens of vessels. In some places,
muscle fiber breaks (fig. 14 A, B).

Conclusions. At the microscopic level, after the effect
of general hypothermia with a duration of exposure of
10 days, an increase in the size of cardiomyocytes, the
interstitial space was found, which indicated the activa-
tion of adaptive processes of the microcirculatory bed
and the energy supply apparatus of cells that occur in
cardiomyocytes under the effect of general hypothermia
with an early duration of action; with a term of action
of 30 days — marked defibrillation of muscle fibers in
the myocardium of the heart of the ventricles and the
interventricular membrane of rats. The effect of local
hypothermia using a cardioplegic solution for cooling
the heart allows you to preserve the typical structure
of the myocardium, while protecting the structural or-
ganization. Dry cooling of the heart causes destructive
changes in the myocardium with the development of de-
generative and destructive processes in the myocardium
of the heart, in places muscle fiber breaks, myofibrils
defibration, their destruction and an increase in intercel-
lular spaces, which indicates the depressing effect and
irreversible damage of this method of local hypothermia
(dry cold) on the myocardium of the ventricles and inter-
ventricular membrane.

Prospects for further research. It is planned to inves-
tigate ultramicroscopic changes in the myocardium of
the heart wall under conditions of hypothermia.
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MOP®O®YHKLIOHA/IbHI 3MIHU MIOKAPAA LLYPIB NICNA AIT 3ArA/IbHOI TA MICLEBOI MNOTEPMI|

KowapHuit B. B., Hedpbogosa O. O., Pytraiizep B. I., A6ayn-Ornu /1. B., Kosnosecbka . O.,
BenukopopgHwii B. I., Ko3noecbka O. T.

Pe3stome. MeToto gocnigxeHHA 6yno BUBYEHHA 3MiH MioKapAa npu Aji 3arasbHoi Ta MicL,eBOI rinoTepmii Ha pis-
HUX PiBHAX CTPYKTYPHOI OpraHisauii.

Pe3ynbTaTt NnpoBeaeHMX JOCAIAXKEHD AanN 3MOTY BUABUTU 3arasibHi 3aKOHOMIPHOCTI NATO/IOMNYHMUX HE3BOPOTHUX
3MiH y CTiHLi cepusa nicns gii micuesoi rinoTepmii y cyxomy Xonogi, nicna gii AKoro BUHMKAE BUPA3HE YLUKOAMKEHHA
M’S1I30BMX BOJIOKOH 3 iX pO3pMBamMu, a TaKoK 3'AcyBaTw, WO NiciA BNAMBY MICLEBOI rinoTepMmii y KapaionneriyHomy
PO3YMHI MIKPOCKOMIYHO MiOKapA, WAYHOUKIB Ta MiXKLUNYHOYKOBOT NEPETUHKMN He 3MIHIOETbCA. MiXKKNITUHHUIA Npo-
CTip MiX OKpemMMmM Kapaiomiountamu 36inblueHunii. Aapa oBanbHoi popmu B 6inbLIOCTI KapaiomiouuTis posTallo-
BaHi NepeBaKHO Y LEHTPI KNITUH, Y AeAKUX 3MilleHi Ao nepudepii. Y BHYTPILLHbOMY LWAPi MiKKAITUHHWIA NpOCTip
MiX cycigHIMM KapaiomiountTamm Ginblue, HixK Y 30BHILUHbOMY Wapi. Ha ricTonoriyHnx 3pisax BMABAEHO rinepemoBa-
Hi CyauHUW, eHaoTenin apibHUX cyamH i Kaninapu Habpakni. Ha ynbTpacTpyKTypHOMY piBHi BUSIBIEHO NepeBacKynap-
HWI HabPAK, HAbPAK anapaTy KPUCT MITOXOHAPIN, CAafK CUHAPOM epeTpoLMTiB. B KapaiomioumTax BiA3HAYaETbCA
HabpAKNicTb capKkonaasmu ocobMBO B 30HI KOHTAKTY 3 Kaninapamu. lHogj 3ycTpivanmca MiToxoHApIi riraHTCbKMUX
PO3MipiB 3a PaxyHOK pi3Koro HabpsKy maTpuKcy. HoBOCTBOpEHi MiKPpOMITOXOHAPIT Ha TNi AeCTPYKTUBHO-AEreHe-
paTMBHUX MPOLLECIB BUABNANUCA B HEBENUKINM KINbKOCTI y BUINAAI APiGHUX cHepUUYHUX YTBOPEHD 3 MOOANHOKMMU
KpUCTaMu, nepeBarkHo Nobansy aapa. Y CTPYKTYpi 30BHiLLIHbOT MITOXOHAPiIa/IbHOT MeMbBpaHM NOLWKOAKEHb He Crno-
cTepiranoca. Y npoctopax Mix miodibpunamm nepesarkaiv MiTOXOHAPIT 3 03HaKaMU CTPYKTYPHO-OYHKLiOHaAbHOT
nepeHanpyru. Mopag, 3 UMM y BEINKIN KiIbKOCTi CNOCTEPIrasMca YNC/IeHHi HOBOCTBOPEHi MiKPOMITOXOHAPIT.

BusBneHi 3MmiHM cBig4aTb 0 pemoaetoBaHHI MIKPOLMPKYIATOPHOIO pycia Ta anapaTty eHepro3abesneyeHHs Ki-
TWH, WO Yy CYKYMHOCTI CBig4aTb NPO aKTUBALilO afanTMBHUX NPOLECIB WO BUHUKAIOTL B KapaiomiouMTax nig, Ai€to
3aranbHoi rinotepmii.

Knwouosi cnosa: cepue, Miokapz, 3arasbHa rinotepmia, micuesa rinotepmia, iMyHOrICTOXiMisi, e1eKTPOHHa Mi-
KpocKonis, enekTpodisionoriyHe JOCNIAKEHHA.

MORPHOFUNCTIONAL CHANGES OF THE MYOCARDIUM OF RATS AFTER THE EFFECT OF GENERAL AND LOCAL
HYPOTHERMIA

Kosharnyi V. V., Nefedova O. O., Rutgeiser V. G., Abdul-Ogly L. V., Kozlovska G. O.,

Velikorodny V. I., Kozlovska O. G.

Abstract. The aim of the study was to study changes in the myocardium under the action of general and local
hypothermia at different levels of structural organization.

The results of the research made it possible to reveal the general regularities of irreversible pathological changes
in the heart wall after the effect of local hypothermia in dry cold, after the result of which there is pronounced dam-
age to muscle fibers with their ruptures, and also to find out that after the effect of local hypothermia in a cardio-
plegic solution microscopically, the myocardium of the ventricles and interventricular membrane does not change.
Our studies of the myocardium of the heart wall of rats using transmission electron microscopy showed that the
use of this method allows us to assess the processes of remodeling the heart after hypothermia and confirm the
completeness of the structure of the studied objects.

Theintercellular space betweenindividual cardiomyocytesisincreased. The oval nucleiin most cardiomyocytes are
located mainly in the center of the cells, in some they are displaced to the periphery. The intercellular space between
adjacent cardiomyocytes is larger than in the outer layer. On histological sections, hyperemic vessels, endothelium
of small vessels and swollen capillaries were found. At the ultrastructural level, perevascular edema, edema of
the mitochondrial cristae apparatus, erethrocytic sludge syndrome were revealed. In cardiomyocytes, swelling of
the sarcoplasm is noted, especially in the zone of contact with the capillaries. There were few intermitochondrial
contacts. Intermyofibrillar mitochondria were large, with moderately developed cristae and a transparent matrix.
Among such organelles, organelles with elements of crystallization and zones of sharp enlightenment predominated.
matrix.

The revealed changes indicate the microcirculatory bed and the cell energy supply apparatus in aggregate
indicate the activation of adaptive processes arising in cardiomyocytes under the influence of general hypothermia.

Key words: heart, myocardium, general hypothermia, local hypothermia, immunohistochemistry, ultrastructure,
electron microscopy, electrophysiological study.
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SUBMICROSCOPIC CHANGES IN THE SENSORIMOTOR AREA OF THE CEREBRAL
CORTEX UNDER THE CONDITIONS OF EXPERIMENTAL HYPERHOMOCYSTEINEMIA,
HYPER- AND HYPOTHYREOSIS AND THEIR COMBINED INFLUENCE

'National Pirogov Memorial Medical University (Vinnytsya, Ukraine)
2. Horbachevsky Ternopil State Medical University (Ternopil, Ukraine)
nechiporuk@vnmu.edu.ua

Thyroid hormones (TH) play essential roles in growth and metabolic homeostasis in both humans and animals.
In intrauterine life, provide temporal signals for the induction of differentiation and maturation programs at certain
stages of fetal development. Among other things, THs regulate neuron plasticity processes, stimulate angiogenesis
and neurogenesis, and also modulate the dynamics of cytoskeleton elements and intracellular transport processes.
Homocysteine (HCy) is considered a risk factor for vascular diseases and brain atrophy. High levels of HCy have been
found to promote increased oxidative stress, DNA damage, initiation of apoptosis, and excitotoxicity, all important
mechanisms of neurodegeneration. HCy is also prothrombotic and proatherogenic and causes damage to the vessel
wall, causing brain atrophy in the elderly. In addition, epidemiological data confirm that HCy is a risk factor for cogni-
tive impairment and Alzheimer's disease.

The study aimed to establish submicroscopic changes in the cerebral cortex's sensorimotor area under experi-
mental hyperhomocysteinemia, hyper-, and hypothyroidism and their combined effects.

Thiolactone HHCy was modeled by administering to animals exogenous homocysteine (HCy) in the form of thio-
lactone at a dose of 100 mg/kg of body weight once a day for 28 days. Hyperthyroidism was modeled by daily
administration of L-thyroxine at a dose of 200 ug/kg during the 21 day, hypothyroidism by daily administration of
mercazolil at a dose of 10 mg/kg during the 21 day. Separate groups of animals were injected with L-thyroxine and
mercazolil in parallel with HCy.

HHCy was accompanied by destructively changed organelles and submicroscopic changes in astrocytic glia and
blood capillaries. In turn, hyperthyroidism has caused hypertrophy of mitochondria, a decrease in the number of
ribosomes, and destructive changes in hemocapillaries. The most significant alterative and degenerative changes
in neurocytes of the cortex of the large hemispheres under hyperthyroidism and HHCy were established. Submicro-
scopically, the most profound violations of their ultrastructure were found in the neurons of animals modeled with
HHCy and hypothyroidism compared to all previous observation groups.

Conclusions: submicroscopic studies of the sensorimotor cortex of the cerebral hemispheres of experimental
groups under conditions of simulated HHCy, hypo- and hyperthyroidism, and especially under conditions of their
combined influence, established profound submicroscopic neurodegenerative changes in the cerebral cortex. Es-
tablished neurodegenerative changes in cortical neurocytes occur against neurovascular disorders' background and
neuroglia's alteration.

Key words: hyperthyroidism, hypothyroidism, hyperhomocysteinemia, the cerebral cortex.
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